A9™ TURBOMAGHINERY & 36™ PUMP SYMPOSIA

SEPTEMBER 14-17, 2020 | HOUSTON, TX | GEORGE R. BROWN CONVENTION CENTER

Al | TEXAS ASM' e | TuneoMacHiNeny LasoRaToRY
| / )
R
Vibration and NPSHr (NPSH,), improvement of BB1
two stage pump reliability.

Annese F., Brizzi R., Guastamacchia P., Yahaya M.R.

Baker Hughes S3




Presenter/Author Bios

Francesco Annese- Engineering Manager

Team manager of a group dedicated to Centrifugal Pump
hydraulic design and technical support to commercial
operation for Baker Hughes. He joined GE in 2007 after
2 years’ experience as design engineer for gas metering
systems. Mr. Annese holds a M.S degree (mechanical
engineering) from the Politecnico di Bari.

Rita Brizzi — Lead Hydraulic Design Engineer

Lead hydraulic design engineer in the Engineering team
for Baker Hughes. She joined GE in 2011 after a 3 years’
experience as Static Equipment and Heaters design
engineer. Ms. Brizzi holds a M.S degree (mechanical
engineering) from the Politecnico di Bari.

Paolo Guastamacchia — Lead Customer Application
Engineer

Lead service and application engineer in the Engineering
team for Baker Hughes. He joined GE in 2012 with
dedicated acceleration program. Mr. Guastamacchia
holds a M.S degree (mechanical engineering) from the
Politecnico di Bari.

Mohamad Raba’i Yahaya -Staff (Rotating Equipment)
Engineering and Technical Services

PETRONAS GAS BERHAD

Staff (Rotating Equipment) at PETRONAS . Has more than 15
years of experience with rotating equipment. Hold a Bachelor of
Mechanical Engineering with honours from Universiti Teknologi
PETRONAS SR

=~ |-

43TH TURBOMACHINERY &
3GTH PUMP SYMPOSIA




Abstract

This case study discusses the impeller redesign of 10 8x15 BB1 two stages Amine pump in a Gas Sweeting Plant
in Malaysia. The original pump was supplied in 1996 and after some design changes it had an history of recurring
high vibration and impeller damages such as a cavitation erosion on inlet suction side and disk break at impeller
outlet.

Pump performance analysis revealed a service operative point close to Minimum Continuous Stable Flow showing
vibration peak both on synchronous frequency and VPF (vane passing frequency) typical of secondary flow effect.
After a FMEA analysis it was decided to redesign the impeller.

CFD simulation and Static structural with pressure load profiles have been performed and a model test bench has
been set up to compare new and old impeller design focusing on NPSH, curve and on interaction forces between
impeller blades and volute lip. Currently the 10 pumps are operating without showing any vibration problem.
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Problem Statement

General Info:

 Two trains 5 and 6 have been commissioned, each having 4 steam turbine driven and
1 motor driven amine charge pump.

* The steam turbine driven pumps have a HPRT (Hydraulic Power Recovery Turbine).
An overhung clutch permits operation of pump without HPRT.

Issue on Pump

* High Vibration & Noise

« Cauvitation Erosion on Fist Stage Impeller
* Impeller Material Detachment

Figure 1 - Impeller Erosion at Suction Indication of
Suction Recirculation

Figure 2 - Cracks on Shroud Outer Disk \ /
~ I »
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Problem Statement

More than 50% of the pump trip and
shutdown between 2011-2014 are
associated to vibration issue with 6 stop
1X - 6X dominant frequency
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Figure 3 — Waterfall Pump NDE Shaft
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Figure 4— Overall No Contact Vibration Value
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Figure 5— Overall Contact Vibration Value
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Fishbone Analysis — Potential Causes and Actions
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1X & 6X: Synchronous Vibration and VPF Vibration

Site Vibration and Performance Analysis
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Figure 6 — Site Performance Analysis

Pump service point range between 0.7-0.8 Qggp Close to
Minimum Continuous Stable Flow (MCSF)

Erosion patterns on inlet blade can be related to
recirculation flows due to partial load service

Recirculation flows induce high vibration at Vane Passing
Frequency (VPF) highlighted in spectrum analysis

A new tailored impeller seized to service point leads to
efficiency improvement and a drastic reduction of
secondary flows
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1X & 6X & Rotor Assembly

B & A GAP
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Figure 8- A and B GAP (Centrifgual Pumps, Second Ed., J.F. Gulich 2010)

Analysis Action
 B-Gap lower than API Reduce impeller outer diameter

requirement. » Update assembly procedure for
« Axial gap out of control rotor centering and axial 4
clearance check
SV

I
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Figure 7 — Pump Rotor Inspection




1X:Synchronous Vibration

Rotordynamic Design: Actual ConfigurationlX
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1X:Synchronous Vibration

Rotodynamic Analysis: Results

» Original pump has been designed according API 610 VIl ed

with damped unbalance analysis T p— mnseesn : s
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6X & Material Detachment

Static Stress Analysis and Impeller Modal Analysis

CAMBPELL DIAGRAM
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Curves intersect at high speed.

Cambpell diagram shows : rotating speed line, harmonic

frequencies depending on number of vanes ( 6X and 12X) and y
impeller natural frequencies. Intersection point indicates a

possible resonance phenomena but a speed far from operating \ /-
speed. ‘
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1X & 6X:Synchronous Vibration and VPF Vibration

Bearmg Housmg Resonance Test
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Figure 10 — Bump Test on Site

 The bump test indicates a natural frequency of about 446 [Hz].
« VPF (Vane Passing Frequency) is close to 451.5 [Hz]. Vibration on site are excited also by the natural frequency of the

bearing support.

Due to the
absence of 3D
model a dummy
bearing support +
bearing housing
has been
simulated

Vertical

00¢

0035

003 |

.g- 0025 [=—savER TEST]

g 002 |——anSYS
0015

J\

0.01
0.005 4 —

T T T T
0 200 400 €00 800 1000 1200
Hz

Figure 11 — Ansys and Hummer Test on DE Support

A/

« Using a #7 blade impeller design the VPF arises to 527 [Hz]. Lower excitation of bearing support at VPF ,\ I »
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NPSHr

Drop Simulation

Single Impeller Multiphase CFX Simulation with Cavitation Model over range of Inlet pressures @ max operating point

Simulation Process fluid : Water
Process Fluid : Amine
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VPF Vibration
CFX Analysis of Actual Impeller at D, max

Model Details:

D, Max =355,5 mm
D, Cut =349 mm
D; = 368,5 mm
Preswirl = 10°

Figure 14 — Impeller domain CFD simulation

« Validation process shows an high blade load
« This high blade load influence on 6X vibration Figure 15 — Impeller streamline

Project Execution

New 7 blade impeller design
Model test for performance analysis and vibration measurement
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Impeller Design Criteria

- Actual Impeller Proposed Impeller

:
355.5 =352
212 212

CL[-] 1.445 1.281
Blade
Loading
3,65 % 4,69 %
= 36 =38

Figure 16— Impeller simulation at max operating point at D2 max

New impeller has been designed to :

« Guarantee the same NPSHr: new impeller have been designed with correct inlet angles at the operating flow (unsteady
simulation with suction and impeller domains to define the pre-swirl along meridional radius)

» Reduce recirculation at inlet due to partial load operation (confirmed by customer—> operative points ~64% and 83% of impeller
design point)

* Increase the B-GAP and reduce the blade loading to avoid streamline detachment

* Reduce the alternating forces at impeller exit (lean angle) . 1/ -

43TH TURBOMACHINERY &
3GTH PUMP SYMPOSIA




I\/Iodel Test Set Up & Results

Figure 17 — Test Bench and Flow Loop

Figure 18 — PrototypeWith Impeller and
Discharge Volute Assembled

Ly

A model test bench with a single stage overhung

pump, to compare “old” vs “new” impeller
performances has been set up

»
Figure 19 — 3D Prototype Configuration: Single I

Stage, Overhung Model Test Pump
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Instrumentation prototype layout

SEC 00: STAGE INLET SEC. 19: IMPELLER OUTLET SEC. 60: STAGE OUTLET

N°4 pressure taps eqg. in 90° N®4 pressure taps eq. in 180° N°4 pressure taps eg. in 90°
for static pressure analysis for dynamic pressure analysis for static pressure analysis

B mimine

]

PRESSURE SENSORS FOR PERFORMANCE/NPSH MEASUREMENTS R

. -
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Test Matrix and Model Test Results

7 BLADES IMPELLER MAX DIAMETER

1 BEP SEARCH 1700 355,6 Performance curve for BEP position

! Performance 1700 355,6 Performance curve
B NPSH 3% 1700 355,6 3% drop NPSHr curve

6 BLADES IMPELLER MAX DIAMETER

n BEP SEARCH 1700 355,5 Performance curve for BEP position
H Performance 1700 355,5 Performance curve
n NPSH 3% 1700 355,5 3% drop NPSHr curve

7 BLADES IMPELLER RATED DIAMETER

7 BEP SEARCH 1700 343 Performance curve for BEP position

Performance 1700 343 Performance curve

TEST CURVES
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Figure 20 — Measured Performances Aligned With Expected Curves
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Dynamic Pressure Analysis on SEC. 19 -Impeller Outlet

Back Signal Front Signal

FLOW RATE & 6 blades impeller (6x) 7 blades impeller (7x) 6 blades impeller (6x) 7 blades impeller (7x)
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Site Vibration Feedback after New Impeller Installation

Amine Pump Healthiness
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Figure 21 — No Contact Pump Vibration with 6 Vane Impeller
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Figure 22 — No Contact Pump Vibration with 7 Vane Impeller

Thanks to the introduction of the new impeller
Vibration have been reduced up to 75% in no contact
value and 80% in velocity value
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CONCLUSION

NEW IMPELLER HAS GUARANTEED:

» HYDRAULIC PERFORMANCES AND NPSHr WITH NEW 7 BLADES IMPELLER ALIGNED WITH
EXPECTED CURVES

> DESING POINT CLOSER TO OPERATING POINTS ( 81% -105% Qpesicn new VS 64% - 83%QpEsIGN oLD)
» REDUCTION OF FLUID DYNAMIC FORCES

» NEW IMPELLER HAVE IMPROVED RELIABILITY OF THE PUMP REDUCING SENSIBLY VIBRATION

43TH TURBOMACHINERY &
3GTH PUMP SYMPOSIA




LESSON LEARNED

High energy density pump and high suction specific speed shall not operate @ partial loads ( Pump was operating
at 64% of Qbep and 83% of Qbep), since operating statistics hinted to an accumulation of cavitation and vibration
damage.

During design phase, it's important to verify the margin between VPF ( Vane passing frequency) and Bearing
Resonance frequency, to avoid high vibration during normal operating condition.

Model test, and consequently CFD validation, gives us the chance to predict pump behavior at off design condition
highlighting pressure pulsation entity at impeller exit and than the alternating forces acting on statoric parts.

Strong connection with the Customer lead to design the hydraulic parts that match service performance
expectation
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